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Controllable point junctions between different quantum Hall phases are a necessary building
block for the development of mesoscopic circuits based on fractionally-charged quasiparticles. We
demonstrate how particle-hole duality can be exploited to realize such point-contact junctions. We
show an implementation for the case filling factors ν = 1 and ν∗ ≤ 1 in which both the fractional
filling ν∗ and the coupling strength can be finely and independently tuned. A peculiar crossover
from insulating to conducting behavior as ν∗ goes from 1/3 to 1 is observed. These results highlight
the key role played on inter-edge tunneling by local charge depletion at the point contact.
PACS numbers: 73.43.Jn, 71.10.Pm, 73.21.Hb
Fractional quantum Hall (QH) states arise in high-
quality two-dimensional systems under the influence of
quantizing magnetic fields B as a striking consequence of
electron-electron interactions [1]. Depending on the frac-
tional value of the filling factor, i.e. the ratio ν = n/nφ
between the density of charges n and the density of
magnetic-flux quanta nφ = eB/h, the electron system
can condense into a variety of strongly-correlated quan-
tum liquids characterized by an excitation gap in the
bulk and exotic fractionally-charged quasiparticles [2].
Thanks to their unique properties, the latter are inter-
esting candidates for novel mesoscopic circuits and QH-
based topological qubits [3, 4, 5, 6]. Additionally, sev-
eral theoretical articles addressed Andreev-like conver-
sion phenomena involving electrons and fractional quasi-
particles at the interface between integer and fractional
QH phases [7, 8]: even device schemes based on these
effects were proposed [9]. One crucial building block of
these proposals is the point junction between two distinct
QH phases. Its experimental realization, however, poses
several challenging problems and for this reason the phe-
nomena described above have been largely unexplored so
far in experiments.
In this Letter we exploit the concept of particle-hole
duality [10, 11] to realize an integer-to-fractional QH
point junctions in which the fractional filling-factor value
and the interaction strength can be independently tuned.
Tunneling conductance measurements are reported that
show an insulating behavior when we couple ν∗ = 1/3
QH edges with integer ν = 1 ones; on the other hand,
junctions gradually develop a conducting behavior as ν∗
approaches 1. While the insulating behavior is in qual-
itative agreement with the expected correlation-induced
suppression of forward tunneling for fractional edge chan-
nels, the observed evolution vs. ν∗ highlights the peculiar
role played by the local filling factor value determined by
depletion in the junction region between the ν and ν∗
regions.
The design of our device is based on particle-hole du-
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FIG. 1: (a) Finite bias transport spectroscopy through a point
junction between a quantum Hall state at νh = 1/3 and one
at νh = 1. (b) Comparison between conduction curves at bias
VDC = 0, 200, 400 and 600µV and theoretical predictions for
two selected limit cases: a discrete system of NS (top axis)
uncorrelated tunneling points in the strong coupling regime
(hollow blue circles); range of G oscillation for a QH line
junction as a function of the interaction length L (green bars
on the right side, G = 0 to e2/2h or G = 0 to e2/3h depending
on boundary conditions). (c) Sketch of the device structure
and (d) scanning electron microscope picture of the junction
region.
2ality [10, 11], which is an exact symmetry of the QH sys-
tem as long as only the first spin-polarized Landau level
is occupied and inter-level mixing can be neglected [12].
Duality establishes the occurrence of QH phases for sym-
metric values of the electron or hole filling factors νe and
νh following the mapping νe → νh ≡ 1− νe [13, 14]. Fig-
ure 1c shows a sketch of the device structure, with a more
detailed view of the active region shown in the scanning
electron micrograph of Fig. 1d. Samples were fabricated
starting from a high-mobility AlGaAs/GaAs heterojunc-
tion containing a 100 nm-deep two-dimensional electron
system (2DES) with mobility µ = 1.73 × 106 cm2/Vs
and carrier density n = 2.55 × 1011 cm−2 at 4.2K.
Ohmic contacts were obtained by evaporation and ther-
mal annealing of a standard Ni/AuGe/Ni/Au multilayer
(5/200/5/100 nm). All gates were fabricated using an
Al/Au bilayer (10/30 nm). The main structure consists
of a gated region 60 × 930µm2 connected to the ohmic
contacts by a set of 20µm-wide etched trenches. When
the filling factor in the electron system surrounding the
gate is set to ν = 1, this multiply-connected circuit
realizes a dual version of a standard Hall bar system
with a variable filling factor. It is in fact easy to ver-
ify that the complementary filling factor configuration
ν(x)→ νh(x) ≡ 1 − ν(x), i.e. the filling factor geometry
seen from a “hole perspective”, is exactly the one of a
Hall bar at νh = 1 whose central section can be indepen-
dently tuned in the range 0 ≤ ν∗h ≤ 1 by adjusting the
gate voltage Vg. As expected by particle-hole duality, the
magneto-transport behavior of this circuit matches the
one of a standard electron Hall bar (see supplementary
materials). Point junctions were obtained by a further
e-beam fabrication step starting from the device struc-
ture described above. One of the ohmic contacts was
connected to the gated region using a tip-shaped etched
structure in place of a macroscopic trench: the tip had
an aperture of about 35 degrees and was fabricated at
a nominal distance of 400 nm (426 nm measured) off the
gate edge. As suggested by the overlay in Fig. 1d, such
a structure is meant to induce a point contact between
the integer edge propagating around the etched tip and
the tunable fractional edge propagating along the gated
region. In order to control the exact spatial position of
the top edge channel we also fabricated a self-aligned
gate metallization inside the etched tip: this electrode
allows us to control the spatial extension of the depletion
region around the etched tip by adjusting the voltage
bias Vtip, and thus to tune the interaction strength be-
tween top and bottom edge channels in Fig. 1d. Thanks
to the duality mapping ν(x) → νh(x) ≡ 1 − ν(x), this
device structure can also be fruitfully thought of as an
enhancement-mode point contact between a QH liquid at
ν = 1 and a tunable one at ν∗(Vg) and thus implements
the experimental configuration analyzed in several theo-
retical works [7, 8]. Keeping in mind this picture in the
following we shall drop the h substript and imply that
all filling factors refer to the fraction of unoccupied states
in the first Landau level. While our devices can still be
analyzed in terms of electron filling factors and edge sys-
tems, the adoption of a hole picture offers a simpler -
though equivalent - description of the physical processes
at the junction.
Magnetotransport measurements were carried out us-
ing a two-wire phase-locked technique at finite bias us-
ing a 20µV excitation at 17Hz. Experiments were car-
ried out in a 3He closed-cycle cryostat with 250mK base
temperature. The working point for the magnetic field
was set in order to configure the electron gas surround-
ing the device in Fig. 1c to ν = 1 at B = 10.0T. At this
field value the impact of the ohmic-contact resistance was
small (≈ 1%) and thus the partition effect on our two-
wire junction biasing scheme was negligible and will not
be taken into account in the following discussion.
A first relevant transport regime is shown in Fig. 1a,
which reports a sequence of differential conductance
curves G(VDC) at ν
∗ = 1/3 (Vg = −0.135V) for Vtip =
−2.00, −0.64, −0.20, +0.10, +0.28, +0.40, +0.64V. The
point junction in this case connects a fractional QH state
at filling factor 1/3 and an integer one at ν = 1. Charge
transport is characterized by an insulating behavior as
shown by the marked conductance suppression at low
bias: this transport fingerprint is consistent with the pre-
dicted suppression of forward tunneling stemming from
correlations in the fractional edge channel [15, 16].
Figure 1b compares the G(Vtip) curves at VDC = 0,
200, 400 and 600µV with the predicted conductance G
based on two different models of the junction: hollow
circles describe G for a set of NS uncorrelated strongly-
coupled point junctions [7] while green bars on the right
side indicate the range of oscillation of G for a QH line
junction as a function of its length and for two different
boundary conditions [17, 18]. The tunable coupling of
our device (controlled by Vtip) allows us to explore all
values between the two extremes G = 0 and G = e2/3h.
These transport regimes are obtained for Vtip = +0.75V
and Vtip = −2.25V, respectively. Note that no over-
shoot G > e2/3h is ever observed, contrary to theoret-
ical models for the case of few independent, strongly-
coupled tunneling centers [7]: these latter studies indi-
cate for instance that in the case of a single tunneling
center conductance can exceed the macroscopic junction
value G = e2/3h and be as high as G = e2/2h. In addi-
tion, given the small dimension (of the order of 100 nm)
of the interface between the two QH regions, coherence
between tunneling centers and Coulomb interactions are
likely to play a significant role in our devices. Results in
this coherent regime also suggest that G should oscillate
strongly as a function of the junction length L (whose
value in our devices cannot be determined exactly, but
depends on Vtip) in the range 0 ≤ G ≤ e
2/2h [17] or
0 ≤ G ≤ e2/3h [18], depending on the adopted bound-
ary conditions; no significant damping of the oscillations
3should be observed as long as the line junction remains
coherent, which again is in contrast to what is observed
here. The different observed behavior might be linked
to the presence of a finite (albeit probably small, given
the reduced spatial extension of the junction region of
≈ 400 nm and the high-mobility of the 2DES) number of
scattering centers with coupling strength increasing from
zero up to full-coupling within the explored Vtip range.
Most importantly, as argued in the following, our work
shows that a central role is played by the local filling fac-
tor reduction in the constriction region, an experimental
feature which is normally not included in point-impurity
models.
It is very instructive to tune ν∗ at a given coupling
strength. The behavior of the conductance curves re-
ported in Fig. 2a and 2b obtained at the different filling-
factor values ν∗ = 2/3 (Vg = −0.30V) and ν
∗ = 1
(Vg = −0.60V) is revealing. When ν
∗ is increased to
2/3 an additional regime of approximately linear conduc-
tance (constantG) becomes available in the e2/3h < G <
2e2/3h range. As the gate electrode is further biased to
reach ν∗ = 1 for Vg = −0.60V, a new transport regime
characterized by marked positive zero bias anomalies is
obtained for G > 2e2/3h, in agreement with previous re-
sults for constrictions on a QH state at ν = 1 [21]. The
fact that different transport fingerprints become incre-
mentally available while ν∗ is scaled up from 1/3 to 2/3
and finally to 1 clearly indicates the dominant role played
by the local junction filling factor ν∗j that characterizes
the depleted region at the interface between the two QH
states. Indeed, while at ν∗ = 1/3 the possible values for
ν∗j fall in the [0, 1/3] interval, the limit value of ν
∗
j in-
creases with ν∗: if the junction behavior is determined
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FIG. 2: Junction transport spectroscopy for two different con-
figurations of ν∗ = 2/3 (a) and ν∗ = 1 (b). Different charac-
teristic zero bias anomalies become available when the gate
filling factor ν∗ is scaled up to 1.
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FIG. 3: Magnetotransport results for the junction transmis-
sion for different values of the filling factor ν∗(Vg). The con-
ductance can be tuned from the saturation value G = e2ν∗/h
down to zero by changing the bias Vtip.
by ν∗j , than it is clear that an increase in ν
∗ will make
new transport regimes accessible.
In order to shed additional light on the observed non-
linear transport characteristics, we compared the temper-
ature dependence of the tunneling conductance with that
of the QH states in the 2DES region below the macro-
scopic gate. Figure 3a reports a set of two-wire measure-
ments through the gated region for a junction in the full-
coupling regime (Vtip = −2.5V): in this configuration
G(Vg, T ) curves directly sample the conducting proper-
ties of the electron liquid below the gate while the junc-
tion plays the role of a standard contact. Conductance
steps are visible at the base temperature of 250mK for
several different QH states under the gate. Quantization
values slightly deviate from ν∗e2/h (similarly to the val-
ues of the saturation conductance observed at ν∗ = 1/3,
ν∗ = 2/3 and ν∗ = 1 in Fig. 1a and Fig. 2) owing to
residual backscattering phenomena at this relatively high
temperature. The temperature evolution in Fig. 3a in-
dicates that bulk fractional QH states melt below 1.0K
while the ν = 1 QH state survives at higher tempera-
tures. This evolution can be compared in Fig. 3b with
the temperature dependence of the non-linear I-Vs ob-
tained for ν∗ = 1 and Vtip = −0.37V. The conductance
minimum disappears in the same temperature range of
the fractional QH state suggesting that the energy scale
of this tunneling conductance is linked not to the ν∗ = 1
gap but rather to the fractional QH gap associated to ν∗j .
The role of ν∗j in controlling junction behavior raises
intriguing questions on the structure of QH edge states
at the smooth edges defined by our nanofabricated point-
contact junction. Indeed we can argue from the evolution
observed in Figs. 1 and 2 that the junction acts as a sort
of “mode selector” for edge states. Within this interpre-
tative framework, the edge ν = 1 can or can not “branch”
at the junction depending on ν∗j , with a mechanism that
mimics what happens for similar integer QH systems
(ν = 2 and ν∗ = 1, for example). While this kind of
4mechanism is well-established for devices working in the
integer QH regime, its extension to the fractional regime
appears controversial and no well-established theoretical
models are available. We believe that the present experi-
mental results need be taken into account to develop ac-
curate models of the microscopic mechanisms responsible
for the non-linear behavior of point-contact junctions in
the QH regime [19, 20, 21, 22], as also suggested by recent
theoretical analysis [23, 24]. An improved understand-
ing of transport through these QH junctions will also be
crucial in relation to the high-contrast interference phe-
nomena in Mach-Zehnder interferometers [25] and to the
recent observation of non-linear transport curves - simi-
lar to the ones here presented - observed in constrictions
on QH states at ν = 5/2 [5, 6].
In conclusion, we demonstrated a fully-tunable point
junction between two different QH states at ν = 1
and ν∗ ≤ 1. Our fabrication scheme exploits particle-
hole duality to successfully implement point junctions.
Our transport results showed the significant role of local
charge depletion in determining the non-linear junction
behavior associated to inter-edge scattering and highlight
the need of including this contribution in existing theo-
retical models.
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Supplementary Material
Fully-dual quantum Hall bars
The two precisely dual version of a quantum Hall bar with tunable filling factor were implemented following the
mapping νe(x)→ νh(x) = 1− νe(x) between the standard electron filling factor νe and corresponding the hole filling
factor νh starting from the filled first Landau level as the system vacuum [1]. The resistivity of these two circuits
was found to be completely equivalent at a magnetic field of B = ne/h = 10T where n is the carrier density in the
two-dimensional electron system used for this research work.
A standard Hall bar is shown in Fig. 1a: the mesa is defined by chemical etching and carrier density in the central
part of the conducting channel can be controlled by field effect thanks to a Schottky top gate. When the magnetic
field B is set to B = nh/e a filling factor νe = 1 is obtained in the ungated region while the filling factor ν
∗
e beneath
the gate can be controlled in the 0 < ν∗e < 1 range by tuning the gate bias Vg. Figure 1c shows the evolution of the
longitudinal resistance at 10T as a function of the gate bias. Starting from the dissipationless transport at Vg = 0
due to the presence of an extended quantum Hall state at νe = 1 between the ohmic contacts, longitudinal resistivity
increases when the electron system becomes compressible. Fractional quantum Hall states ν∗e = 1/3 and ν
∗
e = 2/3 can
be clearly identified as strong resistance dips: the relatively high temperature (250mK) at which the measurement
was performed however does not allow the observation of a completely dissipationless transport (ρxx = 0) for these
fractions. For Vg < −0.40V the electron system beneath the gate becomes completely depleted and resistivity diverges.
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FIG. 1: Two dual versions of the same circuit are implemented using a standard electron filling factor geometry νe(x) on the
left side and hole filling factors νh(x) = 1− νe(x) on the right side.
Following the duality mapping, the same circuit shown on the left side of Fig. 1a was also implemented in terms
of holes as visible in Fig. 1b: the 2DES surrounding the dual Hall bar is intact and set to νe = 1 at 10T; the Hall
2bar is again defined by a top gate that allows to control the hole density, i.e. the hole filling factor ν∗h(Vg); the Hall
bar arm are kept at filling νh = 1, which correponds to complete electron depletion that in our case was obtained
by physically removing the heterojunction by chemical etching. Geometrical proportions were preserved in the two
circuits. Even if the circuit in Fig. 1b is characterized by a complex multiply-connected geometry and the surroding
electron system provides uncontrolled leakage paths at B = 0T, the circuit behavior at 10T becomes simple again and
is completely similar to the one observed for the standard version of the device. In this case (Fig. 1d) dissipationless
transport is observed for Vg < −0.40V, i.e. when the electron system is completely depleted and ν
∗
h = 1. The gated
region becomes compressible for higher bias voltages and this leads to an increase in the sample resistivity. Again, low
dissipation transport is obtained when the gated region reaches a filling ν∗h = 1/3 (ν
∗
e = 2/3) and ν
∗
h = 2/3 (ν
∗
e = 1/3).
Finally at Vg = 0V the gated region cannot support transport between the different ohmic contacts and resistivity
diverges. Note that the relative strength of the two fractional QH dips, as well as the general evolution of the ρxx(Vg)
curve, comply very well with the duality mapping.
[1] As indicated in the main text, a crucial condition here is the full polarization of the spin degree of freedom. The magnetic
field work point at B = 10T is well beyond the known spin transitions for the relevant fractional quantum Hall states in
our experiment (ν = 1/3 and ν = 2/3). We thus expect the low energy dynamics of the two dual circuits to be equivalent.
